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0 Photoselective metal deposition process. 



® Metal is deposited on a substrate by irradiating 
at least a portion of the substrate in the presence of 
a catalytic metal-containing compound with radiation 
sufficient to decompose the catalytic metal-contain- 
ing compound and thereby deposit the catalytic met- 
al on the substrate, and then contacting the catalytic 
metal with an electroless plating solution containing 
the metal to be deposited on the substrate. Products 
produced by the method are useful in the manufac- 
ture of electronic components including printed cir- 
v^cuit boards, semiconductor devices and the like. 
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PHOTOSELECTIVE METAL DEPOSITION PROCESS 



Field of the Invention 

The present invention is directed to plating fine 
lines of metal on a substrate and. more particularly, 
to depositing a metal on a substrate by 
photochemically or pyrolytically decomposing a 
catalytic nnetahcontaining compound by laser irra- 
diation so as to deposit a thin layer of metal 
catalyst on the target area which is then contacted 
with an electroless plating solution. The invention 
finds utility in the manufacture of printed circuit 
boards, semiconductor devices and the like, and 
also encompasses products produced by the pro- 
cess. 



Background of the Invention 

The use of ultraviolet radiation to decompose 
an organometallic compound is known in the art 
(e.g.. "Laser Chemical Vapor Deposition of Gold", 
Baum et aL. Appl.Phys.Lett. 47(5) September 1, 
1985; "Laser Chemical Vapor Deposition of Cop- 
per". F,A. Houle et al.. Appl.Phys.Lett- 46(2), Janu- 
ary 15, 1985; "Laser Induced Metal Deposition 
from Organometallic Solution", H. Yokoyama et al. 
Appl.Phys.Lett. 44(8). April 15. 1984; and "Laser- 
initiated Deposition Reactions: Microchemistry in 
Organogold Polymer Films", M.E. Gross et aL. 
Appl.Phys.Lett. 47(9). November 1. 1985). Such 
processes typically employ laser radiation to either 
photochemically or pyrolytically decompose the or- 
ganometallic compound to directly deposit the met- 
al onto the surface of a substrate. Photochemical 
decomposition generally involves exposing the or- 
ganometallic compound in the form of a volatile 
gas to radiation at a wavelength that is absorbed 
by the gas under the temperature conditions of the 
reaction. The molecules of the gas dissociate and 
thereby deposit metal on the substrate in accor- 
dance with the pattern defined by the focused laser 
beam. 

Pyrolytic or thermal decomposition takes place 
by irradiating the substrate in prescribed patterns 
to thereby heat the substrate to a temperature 
sufficient to decompose the gaseous compound in 
proximity of the target area. In this process, the 
gas does not absorb energy at the wavelength of 
the laser beam because decomposition is effected 
by heat exchange at the substrate surface and not 
by excitation of the gaseous molecules by the laser 
beam. A detailed explanation of the principles of 



photochemical and pyrolytic decomposition is dis- 
closed in "Laser Generated Microstructures". Y. 
Rytz-Froidevaux, AppLPhys.A 37, pp. 121-128, 
1985, incorporated herein by reference. 

5 In many applications for production of elec- 

tronic components such as printed circuits, semi- 
conductor devices and the like, it is desirable to 
provide relatively thick layers of metal on the sub- 
strate (i.e., on the order of several microns). How- 

10 ever, the aforementioned processes may not be 
suited for making thick deposits of metal because 
. the deposition rate is slow. Furthermore, thick lay- 
ers of metal deposited in this manner invariably 
include impurities such as carbon by-products. 

75 which adversely affect conductivity. 

A further disadvantage of the aforementioned 
processes is that plastic substrates may not be 
used when the energy employed to irradiate the 
gas or heat the substrate is sufficient over time to 

20 decompose the plastic. In such case, irradiation of 
organometallic compounds for the direct deposit of 
a metal on a plastic substrate is not commercially 
viable. 

It is therefore an object of the invention to 
25 provide a method of depositing a metal on a sub- 
strate, especially thick deposits of metal on the 
order of at least several microns. 

It is a further object of the invention to provide 
a rapid means of depositing metal on a substrate, 
30 especially plastic substrates. 

It is still another object of the invention to 
provide metal-plated substrates which are useful in 
production of printed circuits, semiconductor de- 
vices and the tike. 

35 

Summary of the Invention 

The present invention is directed to a method 
40 of depositing a metal on a substrate comprising: 

(a) irradiating at least a portion of the sub- 
strate in the presence of a volatile catalytic metal- 

— containing compound with a sufficient amount of 
radiation to decompose the catalytic compound 
45 and thereby selectively deposit an amount of the 
catalytic metal on the substrate sufficient to insti- 
gate deposition of metal from an electroless plating 
solution; and 

(b) contacting the catalytic metal-coated por- 
50 tion of the substrate with an electroless plating 

solution containing the metal to be deposited, to 
thereby deposit the metal on the substrate. 
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The present invention is also directed to pro- 
ducts produced by the above-described method 
which are useful as electronic components, includ- 
ing printed circuit boards, semiconductor devices 
and the like. 



Brief Description of the Drawings 

The features of the invention believed to be 
novel are set forth with particularity in the appen- 
ded claims. The invention Itself, however, both as 
to organization and method of operation, together 
with further objects and advantages thereof, may 
best be understood by reference to the following 
description taken In conjunction with the accom- 
panying drawings in which: 

Figures 1(a)-1(c) are diagrammatic, sectional 
views showing sequential steps of one embodiment 
of the invention whisrein metal is deposited directly 
on the substrate; 

Figures 2(a)-2(c) are diagrammatic, sectional 
views showing sequential steps of another embodi- 
ment of the invention wherein metal is deposited 
on an insulative layer overlaying the substrate; and 

Figure 3 is a graph showing the absorbance 
spectrum for a volatile palladium compound em- 
ployed In the present invention. 



Detailed Description of the Invention 

In Figures 1(a)-1(c), substrate 2 is generally 
any substrate suitable for receiving electrolessly 
plated metal or which can have thereon an In- 
sulative layer for receiving the metal. It is preferred 
that the substrate 2 comprise a dielectric or micro- 
circuit material. Suitable substrates include one or 
more of ceramics, polyimldes, alumina, silicone 
polyimides. silicon, silicone rubbers, silicon dioxide, 
metals (e-g., tungsten, molybdenum, chromium and 
aluminum) and the like. The substrate may alter- 
natively have thereon a metal pad which can be 
adapted to provide an Interconnection between, for 
example, printed circuit patterns. 

Substrate 2 is placed In an enclosable reaction 
vessel (not shown) such as a stainless steel cell 
fitted with a quartz window. The substrate Is posi- 
tioned within the reaction vessel so that it can be 
selectively irradiated through the window. The reac- 
tion vessel Is provided with a volatile catalytic 
metal-containing compound 4 (e.g., a palladium 
compound) which is irradiated at a substrate target 
area 6 with radiation (e.g., ultraviolet radiation) des- 
ignated by reference numeral 8. to thereby de- 
compose the volatile compound into a layer of 
catalytic metal 10 (palladium in this example) to 



produce a metallized substrate 12 as shown in 
Hgure 1(b). As used herein, the term "volatile" 
means a compound which is in the gaseous state 
under the conditions of irradiation. 
5 Metallized substrate 12 is next contacted with 

an electroless plating solution containing the metal 
to be deposited, resulting in formation of a deposit 
of metal 14 on substrate 2 in target area 6. 

The catalytic metal-containing compound may 
70 be selected from any compound which contains a 
metal capable of instigating the deposit of metal 
when contacted by an electroless plating solution. 
Such compounds desirably have a reasonably high 
vapor pressure (typically at least about 1 Torr. and 
IS preferably about 1-100 Torr) at temperatures below 
the decomposition temperature of the compound. 
Additionally, if the compound is to be 
photochemically decomposed, it must be able to 
absorb the radiation applied to the reaction vessel. 

20 The volatile catalytic metal-containing com- 

pounds which may be employed in the present 
invention Include compounds containing Group VIII 
metals as well as other metals such as copper, 
gold, tin. zinc, cadmium, lead and alloys thereof. 

25 Examples of such compounds include rhodium tris 
(hexafluoroacetylacetone) (vapor pressure - 10 
Torr at about 110*C). iron (III) hep- 
taTluorodimethyloctanedionate (vapor pressure — 1 
Torr at about 140'C), copper (II) hep- 

30 tafluorodimethyloctanedlonate (vapor pressure - 1 
Tonr at about 125'»C). copper (II) hex- 
afluoroacetylacetonate (vapor pressure - 1 Torr at 
about 85-90"C), dimethyl cadmium.,, bis 
(cyclopentadienyl) iron, tetramethyl tin, tetraethyl 

36 tin. diethyl zinc, tetraethyl lead, dimethyl (2.4-pen- 
tanedionate), gold (II) and nickel carbonyl. 

Volatile palladium compounds are preferred for 
use in the present invention and may include, by 
way of example, palladium (II) 1,1,1,5,5,5- 

40 hexafluoro-2.4-pentanedlonate, palladium (II) 2,4- 
pentanedionate. palladium (11) hep- 
tafluorodimethyloctanedionate and palladium (II) 
trifluoro-2, 4-pentanedionate. Palladium (II) 
l,1,1,5,5,5-hexafluoro-2, 4-pentanedionate Is par- 

46 ticuiarly preferred. 

Palladium compounds of the type employed in 
the present invention absorb radiation at a 
wavelength of about 250nm or about 350nm and 
therefore may be photochemically decomposed by 

50 a radiation source (e.g., excimer laser) which emits 
radiation at about these wavelengths. If the pal- 
ladium compound Is to be pyrolytically decom- 
posed, the wavelength should be one which is not 
absorbed by the palladium compound. 

55 The catalytic metal-containing compound (e.g., 

palladium compound) is deposited to a thickness 
sufficient to cover target area 6. The palladium 
metal layer should be thick enough to catalyze the 
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electroless deposition process while at the same 
time be sufficiently thin so as to mjnimize the 
amount of impurities therein (e.g.. 50 A). Because 
electrolessly deposited metal is substantially free 
of impurities, low resistivity values are obtained for 
the finished metallized substrates (e.g., 6 x 10-« 
ncm for copper). 

The reaction is conducted at relatively low tem- 
peratures, preferably, below ISO^C, most prefer- 
ably in the range of from about 50 to 80* C. Low 
temperatures are employed to minimize contamina- 
tion. Furthermore, low reaction temperatures- make 
it possible to use low temperature ptestic sub- 
strates. 

Substrate 2 may have thereon a metal pad (not 
shown) which can be adapted to provide an inter- 
connection with other electronic components, such 
as another printed circuit. The metal pad may be 
made from such conductive materials as aluminum, 
chromium, molybdenum and the like. 

In another embodiment of the invention as 
shown in Figures 2(a)-2(c). an insulative layer 16 is 
positioned on the surface of substrate 2 and pal- 
ladium metal 10 is deposited on insulative layer 16, 
Insulative layer 16 is used for dielectric isolation 
and/or pianarization. Suitable insulative materials 
are known in the art and include, for example, 
insulative plastics such as polyimides. polysul- 
fones, silicone polyimides, epoxies and Mylar. 

Radiation may be supplied from any source 
capable of emitting radiation (e.g. ultraviolet radi- 
ation) sufficient to photochemically or pyrolytically 
decompose the volatile palladium compound. For 
example, an Argon laser emitting radiation at a 
wavelength of 257nm or 351 nm can photodecom- 
pose palladium (II) 1.1,1 .5,5,5-hexafluoro-2. 4-pen- 
tanedionate as indicated in Rgure 3. This volatile 
palladium compound has absorption bands at 
about 257nm and 351 nm under the temperature 
conditions of the decomposition step of the present 
invention (e.g., about 60*0). At these wavelengths, 
the radiation photochemically decomposes the pal- 
ladium compound to deposit palladium metai on 
the substrate. Alternatively, the Argon laser can be 
operated at 514nm to irradiate, the substrate until 
sufficient heat is generated at the substrate surface 
to pyrolytically decompose the palladium com- 
pound at the surface. Other volatile palladium com- 
pounds mentioned herein have an absorbance 
spectrum similar to that of palladium (I!) 1,1 ,1,5,5,5- 
hexafluoro-2,4-pentanedionate and therefore can be 
photodecomposed at about 257nm or about 350nm 
as well. 

Other lasers may alternatively be employed in 
the same manner. For example, an excimer laser, 
such as a KrF excimer laser, emits radiation at a 
wavelength of 248nm. Excimer lasers emit an inter- 



mittent pulse of radiation and the pulse energy 
employed for purposes of the present invention is 
in the range of millijoules to joules, preferably from 
10 mJ/cm2 to 300 mJ/cm^. 

5 As another alternative, non-laser radiation sour- 

ces may be used, such as a mercury vapor lamp 
which emits radiation over a broad spectral range 
including 185nm, 194nm. 254nm and 350nm. 

A variety of metals can be deposited in accor- 

70 dance with the invention. Preferred metals include 
copper, palladium, nickel, cobalt and iron. Copper 
is particulariy preferred for electronic applications 
because of its excellent conductive properties. Fur- 
thermore, the metaj may be easily plated to any 

15 desired thickness by employing well-known elec- 
troless plating solutions. 

The following examples are for illustrative pur- 
poses only and are not meant to limit the invention 
as encompassed by the claims appended hereto. 

20 

EXAMPLE 1 

Palladium (11)1 .1 ,1 ,5,5,5-hexafluoro-2,4-pen- 

25 tanedionate (0.3g) was placed in a stainless steel 
cavity cell fitted with a quartz window. A three inch 
silicon wafer was also placed in the cell such that 
the surface of the wafer was accessible to radiation 
through the quartz window. The cell was evacuated- 

30 by a standard vacuum pump through a stainless 
steel valve. The cell was then heated to 60 °C and 
mounted on a computer controlled x-y stage for 
laser exposure. A CW Argon laser operating at 
514nm, an energy level of 1 watt, and a scan speed 

35 of 5mm/sec, was focused' on the surface of the 
silicon wafer and activated to deposit palladium in 
the form of fine lines. The thickness of the pal- 
ladium lines was about 50 A. The pattern of lines 
was varied by moving the x-y stage and the power 

40 was varied by changing the laser intensity and 
scan speeds of the sample In a known manner. 
After laser irradiation, the ceil was cooled, opened 
to the atmosphere and the silicon wafer immersed 
in an electroless copper bath (Enplace CU-402, 

45 sold by Enthone Corporation) for 2 minutes at room 
temperature. The sample was removed from the 
bath and rinsed in water. 

The exposed regions where the fine lines of 
palladium were deposited were plated with a bright 

50 copper layer. The copper lines on the silicon wafer 
were about 1 .000 A thick and 8 um wide. 
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EXAMPLE 2 

The stainless steel gas cell was loaded and 
evacuated as described in Example 1 except that a 
polyimide film on alumina was used as the sub- 
strate. The cell was heated to 60 ''C and irradiated 
using an Argon laser operating at 351 nm. an en- 
ergy level of 200mW/cm2 and a scan speed of 
5mm/sec. to deposit palladium metal on the sub- 
strate. After exposure, the sample was removed 
and put in an electroless plating bath as described 
in Example 1 to produce fine lines of copper hav- 
ing a width of 12 um and a thickness of about 
1000 A, 



EXAMPLE 3 

The gas cell was loaded with the same pal- 
ladium compound as described in Example 1. A V 
X V quartz wafer was also loaded into the cell. The 
cell was evacuated and heated to 80'C and ex- 
posed to a 1 KW mercury vapor lamp for 15 
minutes to produce a thin layer of palladium having 
a thickness of about 100 A. The cell was cooled, 
and the substrate was removed and put in the 
electroless copper bath as described in Example 1 . 
After 2 minutes, the sample was rinsed, leaving a 
bright ^uniform copper layer having a thickness of 
2000 A and a resistivity of about 6 x 10"«Qcm. 



EXAMPLE 4 

A sample of polyimide film on a ceramic sub- 
strate (alumina) was put in the same stainless steel 
gas ceil with the same palladium compound as 
described in Example 1. The cell was heated to 
70 and irradiated with one pulse from a KrF 
excimer laser operating at 248nm. The pulse en- 
ergy was approximately 20 mJ/cm^. The sample 
was then electrolessly plated in an Enthone CU- 
402 electroless plating bath to plate copper in the 
irradiated regions. 

While only certain preferred features of the 
invention have been illustrated and described here- 
in, many modifications and changes will occur to 
those skilled in the art. It is. therefore, to be under- 
stood that the appended claims are intended to 
cover all such modifications and changes as fall 
within the true spirit of the invention. 



Claims 

1 . A method of depositing metal on a substrate 
comprising: 



(a) irradiating at least a portion of the sub- 
strate in the presence of a volatile catalytic metal- 
containing compound with an amount of radiation 

' sufficient to decompose the metal-containing com- 
5 pound and thereby selectively deposit an amount 
of the catalytic metal on the substrate sufficient to 
instigate deposition of metal from an electroless 
plating solution; and 

(b) contacting the catalytic metal-coated por- 
70 tion of the substrate with an electroless plating 

solution containing the metal to be deposited, to 
thereby deposit metal from the solution on the 
substrate. 

2. The method of claim 1 wherein the catalytic 
75 metal-containing compound has a vapor pressure 

of from about 1 to about 100 Torr at a temperature 
below rts decomposition temperature. 

3. The method of claim 1 wherein step (a) is 
conducted at a temperature of up to 150"C. 

20 4. The method of claim 3 wherein step (a) is 

conducted at a temperature of between about 50" 
and 80 ^'C. 

5. The method of claim 1 wherein step (a) 

comprises: 

2S (a) adding the volatile catalytic metal-con- 

taining compound to a reaction vessel containing 
the substrate; 

(b) heating the reaction vessel to a tempera- 
ture below the decomposition temperature of the 

30 catalytic metal-containing compound; and 

(c) irradiating the surface of the substrate to 
heat the substrate above the decomposition tem- 

. perature of the catalytic metal-containing com- 
pound. 

35 6. The method of claim 1 wherein the catalytic 

metal-containing compound comprises a volatile 
palladium compound. 

7. The method of daim 6 wherein the volatile 
palladium compound comprises one of the group 

40 consisting of palladium (II) 1,1.1.5.5,5-hexafluoro- 
2.4-pentanedionate. palladium (II) 1.1.1-trifluort>-2,4- 
pentanedionate. palladium (II) 2,4-pentanedionate 
and palladium (II) heptafluorodimethyloc- 
tanedionate. 

45 8. The method of claim 6 wherein the volatile 

palladium compound comprises palladium 
1,1 .1 ,5,5.5-hexafIuoro-2, 4-pentanedionate. 

9. The method of claim 1 wherein the 
electrolessly-plated metal comprises one of the 

so group consisting of copper, palladium, nickel, co- 
balt and iron. 

10. The method of claim 1 wherein the 
electrolessly-plated metal comprises copper. 

11. The method of claim 1 wherein the sub- 
55 strata comprises one of the group consisting of 

polyimides, alumina, ceramics, silicone-polyimides. 
polysulfones, silicon, silicone rubber, metal and sili- 
con dioxide. 
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12. The method of claim 1 wherein the sub- 
strate includes an insulatlve layer thereon, said 
metal being deposited on the insulative layer. 

13. The method of claim 1 wherein step (a) 
comprises irradiating the substrate with laser radi- 5 
ation at a wavelength selected from 257nm and 

351 nm to thereby photochemicady decompose the 
catalytic metal-containing compound. 

14. The method of claim 1 wherein step (a) 
comprises irradiating the substrate with laser radi- lo 
ation at a wavelength of about 514nm to thereby 
pyrolytically decompose the catalytic metal-con- 
taining compound. 

15. The method of claim 1 wherein step (a) 
comprises irradiating the substrate with an excimer 75 
laser at 248nm to thereby photochemically de- 
compose the catalytic metal-containing compound. 

16. The method of claim 15 wherein the laser 
radiation is emitted at an energy level of from 
about 10 mJ/cm2 to 300 mJ/cm^. 20 

17. The product produced by the method of 
claim 1. 

18. A method of depositing metal on a sub- 
strate comprising: 

(a) irradiating at least a portion of the sub- 25 
strate in the presence of a volatile palladium com- 
pound at a temperature of up to 150^*0 with an 
amount of radiation sufficient to decompose the 
palladium compound and thereby deposit an 
amount of palladium metal on the substrate suffi- 30 
cient to instigate deposition of the metal from an 
electroless plating solution; and 

(b) contacting the palladium metal-coated 
portion of the substrate with an electroless plating 
solution containing the metal to be deposited to 35 
thereby deposit the metal on the substrate. 

19. The method of claim 18 wherein the pal- 
ladium compound comprises one of the group con- 
sisting of palladium (II) t.1,1,5,5,5-hexafluoro-2,4- 
pentanedionate. palladium (II) l,1.1-trifluoro-2,4- 40 
pentanedionate. palladium (II) 2.4-pentanedionate 

and palladium (II) heptafluorodimethyloc- 
tanedionate. 

20. The method of claim 18 wherein the volatile 
palladium compound comprises palladium 4S 
1 ,1 ,1 ,5,5.5-hexafluoro-2.4-pentanedionate. 

21. The method of claim 19 wherein the metal 
to be deposited comprises copper. 

22. The product produced by the method of 
claim 18. so 
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